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(57) ABSTRACT

The present invention relates to a method for producing an
L-amino acid by reacting an enantiomeric mixture of an
N-succinyl amino acid with L-succinylase in the presence of
N-acylamino acid racemase to specifically hydrolyze the
L-form. In particular, the present invention relates to a
method for producing an [.-amino acid in high yield by using
an N-succinyl amino acid whose dissolved concentration is
particularly low as a raw material to perform a reaction
while precipitating the produced L-amino acid out of the
reaction system. The present invention enables efficient
production of an L-amino acid having high optical purity,
particularly an L-amino acid useful as a raw material for
products such as pharmaceutical products and agricultural
chemicals.

8 Claims, No Drawings
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METHOD FOR PRODUCING L-AMINO ACID

TECHNICAL FIELD

The present invention relates to a method for efficiently
producing an [.-amino acid from an enantiomeric mixture of
an N-succinyl amino acid by combining the following
reactions: 1) a reaction of racemizing an N-succinyl amino
acid with use of N-acylamino acid racemase; and 2) a
reaction of specifically hydrolyzing an N-succinyl-L-amino
acid with use of L-succinylase.

BACKGROUND ART

Optically active amino acids, particularly optically active
unnatural amino acids, are compounds useful as synthetic
raw materials or intermediates for products such as agricul-
tural chemicals and pharmaceutical products. Hence, how to
efficiently produce an optically active amino acid, particu-
larly an unnatural one, has been an industrially important
problem.

Patent Document 1 discloses one method of solving this
problem which involves optically resolving a racemic
N-acetylamino acid as a raw material with D-aminoacylase
or L-aminoacylase to give the D-form or L-form, whereby
an amino acid having high optical purity is produced. With
this method, however, the yield of an optically active amino
acid is 50% at the highest, which means that half of a
racemate goes to waste. Then, as disclosed in Patent Docu-
ments 2, 3, 4, and 5, N-acylamino acid racemase for race-
mizing the residual N-acetylamino acid has been proposed
for use in combination with the aminoacylase in order to
improve the yield. However, the resolution with use of a
combination of N-acylamino acid racemase and aminoacy-
lase has a low reactivity with an amino acid yield of only 70
to 75%. Further, the N-acyl substrate remains and thus a
process for removing it is required. These problems have
been impediments to practical applications.

Also, as described in Non-Patent Documents 1 and 2 and
Patent Document 6, N-acylamino acid racemase has been
found to have low reactivity to N-acylamino acids. In recent
years, reports have been made as described in Non-Patent
Documents 1 and 2 and Patent Document 6 that N-acy-
lamino acid racemase has a higher reactivity to N-succinyl
amino acids than to N-acetylamino acids, and that L-succi-
nylase acts on N-succinyl forms of natural [.-amino acids.
Still, no method is known which efficiently produces an
L-amino acid from an enantiomeric mixture of an N-succi-
nyl amino acid with use of a combination of N-acylamino
acid racemase and [-succinylase.

Also, an N-succinyl amino acid represented by the fol-
lowing formula (III) and a salt thereof, which are raw
materials applicable to the present production method, have
not been known:

(1)
R1

YCOZH
MWCOZH

¢}

wherein R1 represents an optionally substituted C5 to C20
alkyl group, an optionally substituted C5 to C20 alkenyl
group, an optionally substituted C2 to C20 alkynyl group, an
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optionally substituted indanyl group, an optionally substi-

tuted naphthylmethyl group, a fluorobenzyl group, a chlo-

robenzyl group, or a bromobenzyl group.

Patent Document 1: JP 2006-254789 A

Patent Document 2: JP 2001-46088 A

Patent Document 3: JP 2001-314191 A

Patent Document 4: JP 2002-238581 A

Patent Document 5: JP 2007-82534 A

Patent Document 6: JP 2008-61642 A

Non-Patent Document 1: Biochemistry, 2004, Vol. 43, p.
224

Non-Patent Document 2: Biochemistry, 2006, Vol. 45, p.
4455

SUMMARY OF THE INVENTION

The present invention aims to provide a more efficient
method for producing an [.-amino acid than the conventional
methods.

As a result of eager examination to solve the above
problems, the present inventors have found that the reactiv-
ity can be improved by precipitating the resulting amino acid
out of the reaction system during the course of the combined
reactions of racemizing an N-succinyl amino acid with
N-acylamino acid racemase and specifically hydrolyzing the
N-succinyl-L-amino acid with L-succinylase. Thereby, the
present invention has been completed.

That is, one aspect of the present invention is a method for
producing an [-amino acid by reacting an enantiomeric
mixture of an N-succinyl amino acid with L-succinylase, the
reaction being performed in the presence of N-acylamino
acid racemase and with precipitating the produced L.-amino
acid.

In the production method according to the present inven-
tion, the [-amino acid preferably has a dissolved concen-
tration of 1% by weight or lower.

In the production method according to the present inven-
tion, preferably, the N-succinyl amino acid serving as a
substrate is represented by formula (I):

ey}
R CO.H

HNWCOZH

e}

wherein R represents an optionally substituted C1 to C20
alkyl group, an optionally substituted C2 to C20 alkenyl
group, an optionally substituted C2 to C20 alkynyl group, an
optionally substituted C4 to C20 aryl group, or an optionally
substituted C5 to C20 aralkyl group; and the L.-amino acid
to be produced is represented by formula (II):

(IT)
R CO.H

NH,

wherein R is the same as defined above.
In a more preferable embodiment of the present invention,
R in formula (I) and formula (II) is a 4-bromobenzyl group,
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a 3-fluorobenzyl group, a naphthylmethyl group, an indanyl
group, or a 6-heptenyl group.

In a preferable embodiment of the present invention, a
transformant transformed with a vector that contains DNA
encoding the N-acylamino acid racemase and DNA encod-
ing the L-succinylase is used as a source of the N-acylamino
acid racemase and the L-succinylase.

Another aspect of the present invention is an N-succinyl
amino acid represented by formula (III) or a salt thereof:

(1)
R1

YCOZH
chOZH

e}

wherein R1 represents an optionally substituted C5 to C20
alkyl group, an optionally substituted C5 to C20 alkenyl
group, an optionally substituted C2 to C20 alkynyl group, an
optionally substituted indanyl group, an optionally substi-
tuted naphthylmethyl group, a fluorobenzyl group, a chlo-
robenzyl group, or a bromobenzyl group.

In a preferable embodiment of the present invention, R in
formula (IIT) is a 4-bromobenzyl group, a 3-fluorobenzyl
group, a 2-naphthylmethyl group, a 2-indanyl group, or a
6-heptenyl group.

According to the present invention, it is possible to
precipitate the resulting [.-amino acid out of the reaction
system by using an N-succinyl amino acid whose dissolved
concentration is low as a raw material for reaction. There-
fore, the present invention has been found to avoid the
reaction inhibition and thus enable efficient production of an
L-amino acid.

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the present invention is described in detail
based on non-limiting embodiments.

The “enantiomeric mixture” herein refers to a mixture of
the L-form and the D-form, with an amount of the D-form
in the range of from more than 0% to less than 100%. An
N-succinyl amino acid, a raw material used in the present
invention, is represented by the following formula (I) and
can be synthesized by various known methods.

oy
R COH

Y\/

e}

The amino acid may be produced by, for example,

1) a method of reacting, in acetic acid, an amino acid with
succinic anhydride in an amount equivalent to or greater
than that of the amino acid, distilling off the solvent, and
recrystallizing the resulting product in ethyl acetate and/or
methanol; or

2) a method of reacting an amino acid with succinic
anhydride in an amount equivalent to or greater than that of
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the amino acid, in water while maintaining an alkaline pH,
and then adjusting the pH to acidic to crystallize the result-
ing product.

R in the formula (I) represents an optionally substituted
C1 to C20 alkyl group, an optionally substituted C2 to C20
alkenyl group, an optionally substituted C4 to C20 aryl
group, or an optionally substituted C5 to C20 aralkyl group.

The C1 to C20 alkyl group may be a straight chain or
branched chain, and examples thereof include methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, pentanyl,
hexanyl, heptanyl, and octanyl. Examples of the C2 to C20
alkenyl group include ethenyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, and octenyl.

Examples of the C2 to C20 alkynyl group include ethynyl,
propynyl, butynyl, pentynyl, hexynyl, heptynyl, and octy-
nyl.

Examples of the C4 to C20 aryl group include phenyl,
naphthyl, anthranyl, pyridyl, pyrimidyl, indanyl, and inde-
nyl.

Examples of the C5 to C20 aralkyl group include benzyl,
naphthylmethyl, anthranylmethyl, pyridylmethyl, pyrim-
idylmethyl, indanylmethyl, and indanylmethyl.

Each of the alkyl group, alkenyl group, alkynyl group,
aryl group, and aralkyl group may optionally be substituted.
Examples of the substituent include a halogen atom,
hydroxyl, amino, and nitro.

Specific examples of the N-succinyl amino acid repre-
sented by formula (I) include N-succinyl-DL-4-bromophe-
nylalanine, N-succinyl-DL-3-fluorophenylalanine, N-succi-
nyl-DL-2-naphthylalanine, N-succinyl-DL-2-
indanylglycine, and N-succinyl-DL-6-heptenylglycine.

The L-succinylase used in the present invention is an
enzyme that hydrolyzes (desuccinylates) the succinyl group
of'an N-succinyl amino acid represented by formula (I) in an
L-form selective manner. The N-acylamino acid racemase
used in the present invention is an enzyme that racemizes the
enantiomers of an N-succinyl amino acid represented by
formula (I).

In the reaction of the present invention, only the L-form
in an enantiomeric mixture of an N-succinyl amino acid is
specifically hydrolyzed (desuccinylated) by L-succinylase,
and thereby the desired L-amino acid is produced. As a
result, the N-succinyl-D-amino acid becomes excess, and
then N-acylamino acid racemase racemizes the N-succinyl-
D-amino acid to the N-succinyl-DL-amino acid. The N-suc-
cinyl-L-amino acid produced by N-acylamino acid racemase
is converted into the desired L.-amino acid by L-succinylase.

As above, the combination of the reaction of specifically
hydrolyzing the L-form and the racemization reaction
enables conversion of an enantiomeric mixture of an N-suc-
cinyl amino acid to an L-amino acid comprising substan-
tially a single enantiomer. In a more preferable embodiment
of the present invention, the L.-amino acid is precipitated out
of the reaction system when the concentration of the
L-amino acid accumulated reaches and exceeds the dis-
solved concentration thereof during the course of the reac-
tion or after completion of the reaction. Thus, the reaction
efficiently proceeds.

It should be noted that an enantiomeric mixture of an
N-succinyl amino acid can be efficiently converted to a
D-amino acid comprising substantially a single enantiomer
when highly active D-succinylase (which performs D-form
selective desuccinylation) is used according to the principle
of the present invention. As an enzyme for hydrolyzing an
N-succinyl amino acid in a D-form selective manner,
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D-aminoacylase is known as described in JP 2008-61642 A,
but D-aminoacylase has not been demonstrated to have
practical activity.

Here, the “dissolved concentration” refers to percentage
(%) by weight of an amino acid dissolvable in the reaction
mixture after completion of the reaction, and can be mea-
sured by the following method. That is, the [-amino acid is
added to the reaction mixture after completion of the reac-
tion until the [L.-amino acid is no longer dissolved. After that,
the mixture is centrifuged, and the resulting supernatant is
filtered. The amino acid present in the filtrate is quantita-
tively analyzed by high performance liquid chromatography,
and the percentage (%) by weight of the amino acid is
calculated.

On the other hand, the percentage (%) by weight of the
produced amino acid (including the precipitated amino acid
and the dissolved amino acid) in the reaction mixture after
completion of the reaction can be measured by the following
method. That is, the reaction mixture, including the precipi-
tated amino acid, after completion of the reaction is uni-
formly sampled. Then, the precipitated amino acid is solu-
bilized with an appropriate solvent, the amino acid in the
resulting solution is quantitatively analyzed by high perfor-
mance liquid chromatography, and the percentage (%) by
weight of the amino acid is calculated.

The dissolved concentration is preferably 3% by weight
or lower, and more preferably 1% by weight or lower. Since
the L-amino acid is precipitated when the amount of the
produced L-amino acid exceeds the dissolved concentration,
a higher percentage (%) by weight of the produced amino
acid in the reaction mixture after completion of the reaction
is more suitable. The percentage (%) by weight of the
produced amino acid is preferably twice or more the dis-
solved concentration, and more preferably five times or
more the dissolved concentration.

The method for producing an [.-amino acid according to
the present invention can be performed by putting, in an
appropriate solvent, an enantiomeric mixture of an N-suc-
cinyl amino acid serving as a substrate, together with
L-succinylase and N-acylamino acid racemase.

The solvent for the reaction may be an aqueous solvent,
or may be a mixture of an aqueous solvent and an organic
solvent. Examples of the organic solvent include toluene,
ethyl acetate, n-butyl acetate, hexane, isopropanol, diisopro-
pyl ether, methanol, acetone, and dimethyl sulfoxide. The
reaction is carried out at a temperature of, for example, 10°
C. to 70° C., and preferably of 30° C. to 55° C. The pH of
the reaction mixture is maintained at, for example, 4 to 10,
and preferably at 6 to 9.

The reaction can be carried out by a batch method or a
continuous method. In the case of a batch method, the initial
concentration of the reaction substrate is, for example, 0.1%
to 70% (w/v), and preferably 3% to 50% (w/v).

Each of L-amino acids that can be produced by the
reaction may be isolated and purified by a known method.
For example, the [.-amino acid may be isolated and purified
by performing a treatment such as chromatography on the
reaction mixture containing the produced L-amino acid, or
alternatively by removing microbial cells from the reaction
mixture through filtration, neutralizing the filtrate with, for
example, hydrochloric acid for crystallization, and filtering
the precipitated desired compound. The filtrate obtained by
removing microbial cells from the reaction mixture may be
used directly for the subsequent reaction in the next process.

The N-Acylamino acid racemase used in the present
invention has ability to racemize N-succinyl amino acids
represented by the above formula (I). Such an enzyme to be
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used is not particularly limited, and specific examples
thereof include enzymes derived from microorganisms of
the genera Geobacillus and Thermus. The enzyme is pref-
erably one derived from a microorganism such as Geoba-
cillus kaustophilus or Thermus thermophilus, and more
preferably one derived from Geobacillus kaustophilus
NBRC 102445 or Thermus thermophilus HBS. The gene
encoding the amino acid sequence of the N-acylamino acid
racemase derived from Geobacillus kaustophilus NBRC
102445 is shown by SEQ ID No. 2.

The L-succinylase used in the present invention has
ability to hydrolyze the L-form of N-succinyl amino acids
represented by formula (I). Such an enzyme to be used is not
particularly limited, and typical examples thereof include
enzymes derived from microorganisms of the genus Geo-
bacillus. The enzyme is preferably one derived from a
microorganism such as Geobacillus kaustophilus. The
enzyme is more preferably one derived from Geobacillus
kaustophilus NBRC 102445, and the gene encoding its
amino acid sequence is shown by SEQ ID No. 1.

These microorganisms are available from various deposi-
tories to persons skilled in the art. Examples of the deposi-
tories include those which correspond to the accession
numbers referring to the microorganisms. Specifically, the
microorganisms referred by the NBRC numbers are avail-
able from NITE Biological Resource Center, National Insti-
tute of Technology and Evaluation located at 2-5-8 Kazu-
sakamatari, Kisarazu-shi, Chiba, Japan. The
microorganisms can alternatively be isolated from nature
sources. Here, the microorganisms can be mutated to gen-
erate strains having properties that are more advantageous in
the present reaction. Also, enzyme genes isolated from the
microorganisms can be introduced into various host-vector
systems by a common method, and the resulting transfor-
mants can be used in the present invention.

In the present invention, a liquid microbial culture
obtained by culturing such a microorganism or transformant
in an appropriate culture medium, or a treated product of the
culture may be used as a source of the enzyme. Examples of
the treated product include culture supernatants obtained by
harvesting cells from a liquid microbial culture by a method
such as centrifugation, microbial cells, disrupted microbial
cells, cell-free extracts obtained from the disrupted cells,
immobilized cells, purified enzymes, and immobilized
enzymes.

The gene manipulation, such as DNA isolation, vector
preparation, and transformation, described herein can be
performed, unless otherwise noted, by a method described in
literature such as Molecular Cloning 2nd Edition (Cold
Spring Harbor Laboratory Press, 1989) and Current Proto-
cols in Molecular Biology (Greene Publishing Associates
and Wiley-Interscience).

Examples of the “host” described herein include bacteria,
yeast, filamentous fungi, plant cells, and animal cells.
Among these, bacteria are preferable, and Escherichia coli
is particularly preferable in terms of the efficiency of intro-
duction and expression. A vector containing DNA can be
introduced into a host cell by a known method. In the case
of using Escherichia coli as the host cell, for example, the
vector can be introduced into the host of commercially
available Escherichia coli HB101 Competent Cells (pro-
duced by Takara Bio Inc.).

The “vector” described herein is not particularly limited
as long as it can express a gene encoded by DNA in an
appropriate host. Examples of such a vector include plasmid
vectors, phage vectors, and cosmid vectors. Also, shuttle
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vectors may be used which enable genetic exchange
between different host strains.

Such a vector usually contains a regulatory factor such as
a lacUVS promoter, a trp promoter, a trc promoter, a tac
promoter, an lpp promoter, a tufB promoter, a recA pro-
moter, or a pLL promoter, and can be suitably used as an
expression vector containing an expression unit in which the
regulatory factor is operably linked to DNA. For example,
pUCNI18 can be suitably used. The plasmid pUCNI1S is a
plasmid obtained by substituting the 185th base T of pUC18
(produced by Takara Bio Inc., GenBank Accession No.
L09136) by A through PCR for destruction of the Ndel site,
and then further substituting the 471-472nd bases GC by TG
for introduction of a new Ndel site.

The regulatory factor refers to a base sequence that
includes a functional promoter and an arbitrary related
transcription element(s) (e.g., enhancer, CCAAT box, TATA
box, SPI site). The phrase “operably linked” means that
various regulatory elements for regulating gene expression,
such as a promoter and an enhancer, are linked to a gene in
such a manner that they can operate in host cells. It is well
known to those skilled in the art that the type and kind of the
regulatory factor may vary depending on the host.

The “transformant™ described herein can be prepared by
incorporating DNA encoding a polypeptide into a vector,
and then introducing the vector into a host cell. The “trans-
formant™ described herein encompasses not only microbial
cultures but treated products thereof. Examples of the treated
products include cells treated with a surfactant or an organic
solvent, dried cells, disrupted cells, crude cell extracts, and
their immobilized products prepared by known methods.
The transformant described herein can be cultured in an
ordinary liquid nutrient medium containing components
such as a carbon source, a nitrogen source, inorganic salts,
and organic nutrients, as long as the transformant grows in
the medium.

At the time of carrying out the production method of the
present invention, a transformant may be used which has
both DNA encoding N-acylamino acid racemase and DNA
encoding L-succinylase introduced therein and thus has
activities of both N-acylamino acid racemase and L-succi-
nylase. Use of such a transformant eliminates the need for
separate preparation of N-acylamino acid racemase and
L-succinylase, and thereby makes it easier to carry out the
production method of the present invention.

The transformant containing both DNA encoding N-acy-
lamino acid racemase and DNA encoding [-succinylase
according to the present invention can be prepared by
incorporating both DNA encoding N-acylamino acid race-
mase and DNA encoding L-succinylase into one and the
same vector and then introducing the vector into a host cell,
or by incorporating the two pieces of DNA into two vectors
of different incompatibility groups, respectively, and then
introducing the two vectors into one and the same host cell.
Examples of the transformant containing both DNA encod-
ing N-acylamino acid racemase and DNA encoding [.-suc-
cinylase according to the present invention include later-
described E. coli HB101 (pNIGHK).

EXAMPLES

Hereinafter, the present invention will be described in
detail based on Examples which, however, are not intended
to limit the scope of the present invention. In the following,
“%” refers to “% by weight” unless otherwise noted.
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Reference Example 1
Preparation of L-Succinylase

PCR was carried out with use of a DNA polymerase
PrimeSTAR (produced by Takara Shuzo Co., Ltd.) to pre-
pare a gene in which an EcoRI recognition site and a BamHI
recognition site are added to an L-succinylase gene (SEQ ID
No. 1) derived from Geobacillus kaustophilus NBRC
102445. This DNA fragment prepared by PCR was inserted
into the plasmid pUCNI18 (a plasmid obtained by substitut-
ing the 185th base T of pUCI18 (produced by Takara Bio
Inc., GenBank Accession No. [.09136) by A through PCR
for destruction of the Ndel site, and then further substituting
the 471-472nd bases GC by TG for introduction of a new
Ndel site) at between the EcoRI recognition site and the
BamHI recognition site downstream from the lac promoter,
whereby a recombinant vector pNHK was constructed. With
use of the recombinant vector pNHK, E. coli HB101 Com-
petent Cells (produced by Takara Bio Inc.) were transformed
to provide E. coli HB101 (pNHK). The obtained transfor-
mant was inoculated into 5 ml of a 2xYT medium (1.6%
tryptone, 1.0% yeast extract, 0.5% NaCl, pH 7.0) containing
200 pg/ml of ampicillin and shake-cultured at 37° C. for 24
hours. Cells were collected from the culture by centrifuga-
tion and then suspended in 5 ml of a 100 mM phosphate
buffer (pH 7.0). The cells in the suspension were disrupted
using a model UH-50 ultrasonic homogenizer (produced by
SMT Co., Ltd.) and cell debris was then removed by
centrifugation to provide a cell-free extract. The cell-free
extract was assayed for the succinylase activity, and the
assayed succinylase activity was 5 U.

Reference Example 2
L-Succinylase Activity Assay

The succinylase activity of L-succinylase was assayed by
the following method. First, 250 pl of a substrate N-succi-
nyl-DL-phenylalanine solution (final concentration: 50 mM)
and 230 ul of Tris-HCI (0.5 M/pH 7.5) were mixed. To this
mixture, 20 pl of an enzyme liquid was added, and the
reaction was allowed to proceed at 30° C. After an appro-
priate period of time, the reaction was terminated by addi-
tion of 1 N HCI. The produced L-phenylalanine was quan-
tified by high performance liquid chromatography, and the
enzyme activity was calculated. One unit (U) of the enzyme
activity was defined as 1 pmole of L-phenylalanine pro-
duced per minute from N-succinyl-DL-phenylalanine.

Reference Example 3
Preparation of N-Acylamino Acid Racemase

PCR was carried out with use of a DNA polymerase
PrimeSTAR (produced by Takara Shuzo Co., Ltd.) to pre-
pare a gene in which an EcoRI recognition site and a Sadl
recognition site are added to an N-acylamino acid racemase
gene (SEQ ID No. 2) derived from Geobacillus kaustophilus
NBRC 102445. This DNA fragment prepared by PCR was
inserted into the plasmid pUCNI18 at between the EcoRI
recognition site and the Sadl recognition site downstream
from the lac promoter, whereby a recombinant vector pNIG
was constructed. With use of the recombinant vector pNIG,
E. coli HB101 Competent Cells (produced by Takara Bio
Inc.) were transformed to provide E. coli HB101 (pNIG).
The obtained transformant was inoculated into 5 ml of a
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2xYT medium (1.6% tryptone, 1.0% yeast extract, 0.5%
NaCl, pH 7.0) containing 200 pg/ml of ampicillin and
shake-cultured at 37° C. for 24 hours. Cells were collected
from the culture by centrifugation and then suspended in 5
ml of a 100 mM phosphate buffer (pH 7.0). The cells in the
suspension were disrupted using a model UH-50 ultrasonic
homogenizer (produced by SMT Co., Ltd.) and cell debris
was then removed by centrifugation to provide a cell-free
extract. The cell-free extract was assayed for the N-acy-
lamino acid racemase activity, and the assayed N-acylamino
acid racemase activity was 2 U. Also, PCR was carried out
with use of a DNA polymerase PrimeSTAR (produced by
Takara Shuzo Co., Ltd.) to prepare a gene in which an Ndel
recognition site and an EcoRI recognition site are added to
an N-acylamino acid racemase gene (SEQ ID No. 3) derived
from Thermo thermophilus HB8. This DNA fragment pre-
pared by PCR was inserted into the plasmid pUCNI18 at
between the Ndel recognition site and the EcoRI recognition
site downstream from the lac promoter, whereby a recom-
binant vector pNIT was constructed. With use of the recom-
binant vector pNIT, E. coli HB101 Competent Cells (pro-
duced by Takara Bio Inc.) were transformed to provide E.
coli HB101 (pNIT). The obtained transformant was inocu-
lated into 5 ml of a 2xYT medium (1.6% tryptone, 1.0%
yeast extract, 0.5% NaCl, pH 7.0) containing 200 pg/ml of
ampicillin and shake-cultured at 37° C. for 24 hours. Cells
were collected from the culture by centrifugation and then
suspended in 5 ml of a 100 mM phosphate buffer (pH 7.0).
The cells in the suspension were disrupted using a model
UH-50 ultrasonic homogenizer (produced by SMT Co.,
Ltd.) and cell debris was then removed by centrifugation to
provide a cell-free extract. The cell-free extract was assayed
for the N-acylamino acid racemase activity, and the assayed
N-acylamino acid racemase activity was 1 U.

Reference Example 4
N-Acylamino Acid Racemase Activity Assay

The racemase activity of N-acylamino acid racemase was
assayed by the following method. First, 100 pl of a substrate
N-acetyl-D-methionine solution (final concentration: 20
mM), 5 pl of a cobalt chloride aqueous solution (final
concentration: 1 mM), 50 ul of Tris-HCI (0.5 M/pH 7.5)
(final concentration: 50 mM), and 245 pl of sterile distilled
water were mixed. To this mixture, 50 ul of an [-amino-
acylase solution (20 mg/ml, for deacylating N-acetyl-L-
methionine produced by racemase so as to produce L-me-
thionine) and 50 pl of an enzyme liquid were added, and the
reaction was allowed to proceed at 30° C. After an appro-
priate period of time, the reaction was terminated by addi-
tion of 1 N HCI. The produced L-methionine was quantified
by high performance liquid chromatography, and the
enzyme activity was calculated. One unit (U) of the enzyme
activity was defined as 1 umole of N-acetyl-L.-methionine
produced per minute from N-acetyl-D-methionine.

Example 1
Production of L-4-Bromophenylalanine

An amount of 2.2 g of DL-4-bromophenylalanine, 0.99 g
of succinic anhydride, and 20 ml of acetic acid were mixed
and reacted at 55° C. for four hours. The reaction mixture
was concentrated and the residue was crystallized from ethyl
acetate to give 2.1 g of N-succinyl-DL-4-bromophenylala-
nine. A substrate solution (pH 8) of N-succinyl-DL-4-bro-
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mophenylalanine was prepared, and a cobalt chloride aque-
ous solution was added thereto to give a final concentration
of 1 mM. To the resulting solution, a liquid culture of E. coli
HB101 (pNHK) and a liquid culture of E. coli HB101
(pNIG), which were respectively obtained by culture as in
Reference Example 1 and Reference Example 3, were added
(final substrate concentration: 8% by weight), and reacted at
45° C. As aresult, 4-bromophenylalanine was precipitated in
the reaction mixture. The reaction mixture was stirred for 18
hours, and then the substrate and the product in the reaction
mixture were analyzed by high performance liquid chroma-
tography for the conversion (mol %) and the optical purity
(% e.e.). The conversion was 98.0 mol %, and the optical
purity of L-4-bromophenylalanine was 100% e.e. The con-
centration of L-4-bromophenylalanine accumulated, which
was calculated from the conversion, was 5.5% by weight.
Also, the dissolved concentration of [.-4-bromophenylala-
nine was determined by quantitative analysis using high
performance liquid chromatography. The dissolved concen-
tration was 0.5% by weight or lower.

Conversion (mol %)=amount of product/(amount of
residual substrate+amount of product)x100

Optical purity (% e.e)=(A-B)/(A+B)x100 (A is the
amount of the target enantiomer, and B is the amount of the
opposite enantiomer)
<High Performance Liquid Chromatography Analysis Con-
dition>
[Analysis of Conversion]

Column: COSMOSIL 5C18-AR-IT (4.6 mm¢x250 mm,
produced by Nacalai Tesque, Inc.)

Eluent: 20 mM phosphoric acid aqueous solution (pH
2.5)/acetonitrile=8/2

Flow rate: 1.0 ml/min.

Column temperature: 30° C.

Measuring wavelength: 210 nm
[Analysis of Optical Purity]

Column: CROWNPAC CR(+)(4.6 mm¢x150 mm, pro-
duced by Daicel Chemical Industries, [.td.)

Eluent: perchloric acid aqueous solution (pH 1.5)/metha-
nol=85/15

Flow rate: 1.0 ml/min.

Column temperature: 30° C.

Measuring wavelength: 210 nm

N-Succinyl-DL-4-bromophenylalanine 'H-NMR (400
MHz, CD,0D) d ppm: 2.44-2.56 (4H, m), 2.94 (1H, dd,
J=8.6 Hz, J=13.9 Hz), 3.14 (1H, dd, J=5.4 Hz, J=13.9 Hz),
4.62-4.66 (1H, m), 7.14-7.19 (2H, m), 7.39-7.43 (2H, m).

Example 2
Production of L-3-fluorophenylalanine

An amount of 2.0 g of DL-3-fluorophenylalanine, 0.99 g
of succinic anhydride, and 20 ml of acetic acid were mixed
and reacted at 55° C. for four hours. The reaction mixture
was concentrated and the residue was crystallized from ethyl
acetate to give 1.9 g of N-succinyl-DL-3-fluorophenylala-
nine. A substrate solution (pH 8) of N-succinyl-DL-3-fluo-
rophenylalanine was prepared, and a cobalt chloride aque-
ous solution was added thereto to give a final concentration
of 1 mM. To the resulting solution, a liquid culture of E. coli
HB101 (pNHK) and a liquid culture of E. coli HB101
(pNIG), which were respectively obtained by culture as in
Reference Example 1 and Reference Example 3, were added
(final substrate concentration: 8% by weight), and reacted at
45° C. As aresult, 3-fluorophenylalanine was precipitated in
the reaction mixture. The reaction mixture was stirred for 20
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hours, and then the substrate and the product in the reaction
mixture were analyzed by high performance liquid chroma-
tography for the conversion (mol %) and the optical purity
(% e.e.). The conversion was 97.5 mol %, and the optical
purity of L-3-fluorophenylalanine was 100% e.e. The con-
centration of L-3-fluorophenylalanine accumulated, which
was calculated from the conversion, was 5.1% by weight.
Also, the dissolved concentration of L-3-fluorophenylala-
nine was determined by quantitative analysis using high
performance liquid chromatography. The dissolved concen-
tration was 0.5% by weight or lower.

Conversion (mol %)=amount of product/(amount of
residual substrate+amount of product)x100

Optical purity (% e.e)=(A-B)/(A+B)x100 (A is the
amount of the target enantiomer, and B is the amount of the
opposite enantiomer)
<High Performance Liquid Chromatography Analysis Con-
dition>
[Analysis of Conversion]

Column: COSMOSIL 5C18-AR-II (4.6 mm¢$x250 mm,
produced by Nacalai Tesque, Inc.)

Eluent: 20 mM phosphoric acid aqueous solution (pH
2.5)/acetonitrile=8/2

Flow rate: 1.0 ml/min.

Column temperature: 30° C.

Measuring wavelength: 210 nm
[Analysis of Optical Purity]

Column: CROWNPAC CR(+)(4.6 mm¢x150 mm, pro-
duced by Daicel Chemical Industries, [.td.)

Eluent: perchloric acid aqueous solution (pH 1.5)/metha-
nol=85/15

Flow rate: 1.0 ml/min.

Column temperature: 30° C.

Measuring wavelength: 210 nm

Example 3
Production of L-2-naphthylalanine

An amount of 2.0 g of DL-2-naphthylalanine, 1.02 g of
succinic anhydride, and 25 ml of acetic acid were mixed and
reacted at 55° C. for four hours. The reaction mixture was
concentrated and the residue was crystallized from ethyl
acetate to give 2.3 g of N-succinyl-DL-2-naphthylalanine. A
substrate solution (pH 8) of N-succinyl-DL-2-naphthylala-
nine was prepared, and a cobalt chloride aqueous solution
was added thereto to give a final concentration of 1 mM. To
the resulting solution, a liquid culture of E. coli HB101
(pNHK) and a liquid culture of E. col/i HB101 (pNIG),
which were respectively obtained by culture as in Reference
Example 1 and Reference Example 3, were added (final
substrate concentration: 9% by weight), and reacted at 45°
C. As a result, 2-naphthylalanine was precipitated in the
reaction mixture. The reaction mixture was stirred for 20
hours, and then the substrate and the product in the reaction
mixture were analyzed by high performance liquid chroma-
tography for the conversion (mol %) and the optical purity
(% e.e.). The conversion was 99.8 mol %, and the optical
purity of [-2-naphthylalanine was 100% e.e. The concen-
tration of [L-2-naphthylalanine accumulated, which was cal-
culated from the conversion, was 6.2% by weight. Also, the
dissolved concentration of [.-2-naphthylalanine was deter-
mined by quantitative analysis using high performance
liquid chromatography. The dissolved concentration was
0.2% by weight or lower.

Conversion (mol %)=amount of product/(amount of
residual substrate+amount of product)x100
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Optical purity (% e.e)=(A-B)/(A+B)x100 (A is the
amount of the target enantiomer, and B is the amount of the
opposite enantiomer)
<High Performance Liquid Chromatography Analysis Con-
dition>
[Analysis of Conversion]

Column: COSMOSIL 5C18-AR-IT (4.6 mm¢x250 mm,
produced by Nacalai Tesque, Inc.)

Eluent: 20 mM phosphoric acid aqueous solution (pH
2.5)/acetonitrile=8/2

Flow rate: 1.0 ml/min.

Column temperature: 30° C.

Measuring wavelength: 210 nm
[Analysis of Optical Purity]

Column: CHIROBIOTIC T (4.6 mm¢x250 mm, produced
by Astec)

Eluent: water/ethanol=3/7

Flow rate: 0.5 ml/min.

Column temperature: 40° C.

Measuring wavelength: 210 nm

N-Succinyl-DL-2-naphthylalanine 'H-NMR (400 MHz,
CD,0OD) & ppm: 2.38-2.50 (4H, m), 3.14 (2H, dd, J=8.5 Hz,
J=13.9 Hz), 4.74-4.87 (1H, m), 7.36-7.45 (3H, m), 7.05-7.15
(4H, m).

Example 4
Production of L-2-Indanylglycine

An amount of 2.5 g of DL-2-indanylglycine, 1.44 g of
succinic anhydride, and 30 ml of acetic acid were mixed and
reacted at 55° C. for four hours. The reaction mixture was
concentrated and the residue was crystallized from ethyl
acetate to give 3.2 g of N-succinyl-DL-2-indanylglycine. A
substrate solution (pH 8) of N-succinyl-DL-2-indanylgly-
cine was prepared, and a cobalt chloride aqueous solution
was added thereto to give a final concentration of 1 mM. To
the resulting solution, a liquid culture of E. coli HB101
(pNHK) and a liquid culture of E. col/i HB101 (pNIG),
which were respectively obtained by culture as in Reference
Example 1 and Reference Example 3, were added (final
substrate concentration: 8% by weight), and reacted at 45°
C. As a result, 2-indanylglycine was precipitated in the
reaction mixture. The reaction mixture was stirred for 20
hours, and then the substrate and the product in the reaction
mixture were analyzed by high performance liquid chroma-
tography for the conversion (mol %) and the optical purity
(% e.e.). The conversion was 100 mol %, and the optical
purity of L-2-indanylglycine was 100% e.e. The concentra-
tion of L-2-indanylglycine accumulated, which was calcu-
lated from the conversion, was 5.3% by weight. Also, the
dissolved concentration of [.-2-indanylglycine was deter-
mined by quantitative analysis using high performance
liquid chromatography. The dissolved concentration was
0.5% by weight or lower.

Conversion (mol %)=amount of product/(amount of
residual substrate+amount of product)x100

Optical purity (% e.e)=(A-B)/(A+B)x100 (A is the
amount of the target enantiomer, and B is the amount of the
opposite enantiomer)
<High Performance Liquid Chromatography Analysis Con-
dition>
[Analysis of Conversion]

Column: COSMOSIL 5C18-AR-IT (4.6 mm¢x250 mm,
produced by Nacalai Tesque, Inc.)

Eluent: 20 mM phosphoric acid aqueous solution (pH
2.5)/acetonitrile=8/2

Flow rate: 1.0 ml/min.

Column temperature: 30° C.
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Measuring wavelength: 210 nm
[Analysis of Optical Purity]

Column: CROWNPAC CR(+)(4.6 mm¢x150 mm, pro-
duced by Daicel Chemical Industries, [.td.)

Eluent: perchloric acid aqueous solution (pH 1.5)/metha-
nol=85/15

Flow rate: 1.0 ml/min.

Column temperature: 35° C.

Measuring wavelength: 210 nm

N-Succinyl-DL-2-indanylglycine 'H-NMR (400 MHz,
CD,0D) d ppm: 2.47-2.61 (4H, m), 2.79-3.31 (5H, m), 4.51
(1H, d, I=6.8 Hz), 7.05-7.15 (4H, m).

Example 5
Production of L-6-heptenylglycine

An amount of 2.0 g of DL-6-heptenylglycine, 1.29 g of
succinic anhydride, and 20 ml of acetic acid were mixed and
reacted at 55° C. for four hours. The reaction mixture was
concentrated and the residue was crystallized from ethyl
acetate to give 1.4 g of N-succinyl-DL-6-heptenylglycine. A
substrate solution (pH 8) of N-succinyl-DL-6-heptenylgly-
cine was prepared, and a cobalt chloride aqueous solution
was added thereto to give a final concentration of 1 mM. To
the resulting solution, a liquid culture of E. coli HB101
(pNHK) and a liquid culture of E. col/i HB101 (pNIG),
which were respectively obtained by culture as in Reference
Example 1 and Reference Example 3, were added (final
substrate concentration: 9% by weight), and reacted at 45°
C. As a result, 6-heptenylglycine was precipitated in the
reaction mixture. The reaction mixture was stirred for 24
hours, and then the substrate and the product in the reaction
mixture were analyzed by high performance liquid chroma-
tography for the conversion (mol %). The conversion was
99.6 mol %. Then, the product was derivatized with di-tert-
butyl dicarbonate to form N-tert-butoxycarbonyl-6-hepte-
nylglycine, and the derivative was analyzed by high perfor-
mance liquid chromatography for the optical purity (% e.e.).
The optical purity was 100% e.e. The concentration of
L-6-heptenylglycine accumulated, which was calculated
from the conversion, was 5.7% by weight. Also, the dis-
solved concentration of [-6-heptenylglycine was deter-
mined by quantitative analysis using high performance
liquid chromatography. The dissolved concentration was
0.5% by weight or lower.
<High Performance Liquid Chromatography Analysis Con-
dition>
[Analysis of Conversion]

Column: YMC-A303 (4.6 mm¢x250 mm, produced by
YMC Co., 1td.)

Eluent: 20 mM phosphoric acid aqueous solution (pH
2.5)/acetonitrile=1/1

Flow rate: 1.0 ml/min.

Column temperature: 35° C.

Measuring wavelength: 210 nm
[Analysis of Optical Purity]

Column: CHIRALPAK AD-RH (4.6 mm¢x150 mm, pro-
duced by Daicel Chemical Industries, [.td.)

Eluent: 0.02% phosphoric acid aqueous solution (pH
2.5)/acetonitrile=65/35

Flow rate: 0.7 ml/min.

Column temperature: 35° C.

Measuring wavelength: 205 nm

N-Succinyl-DL-6-heptenylglycine 'H-NMR (400 MHz,
DMSO-d,) 8 ppm: 1.25-1.38 (6H, m), 1.51-1.69 (2H, m),
2.01 (2H, q, I=6.6 Hz), 2.32-2.44 (4H, m), 4.16 (1H, dt,
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J=5.2 Hz, 1=8.6 Hz), 4.93 (1H, d, ]=10.2 Hz), 4.99 (1, d,
J=17.1 Hz), 5.79 (1H, m), 8.08 (1H, d, J=7.1 Hz).

Comparative Example
Production of L-Phenylalanine

An amount of 5.0 g of DL-phenylalanine, 3.0 g of
succinic anhydride, and 30 ml of acetic acid were mixed and
reacted at 55° C. for four hours. The reaction mixture was
concentrated and the residue was crystallized from ethyl
acetate to give 4.5 g of N-succinyl-DL-phenylalanine. A
substrate solution (pH 8) of N-succinyl-DL-phenylalanine
was prepared, and a cobalt chloride aqueous solution was
added thereto to give a final concentration of 1 mM. To the
resulting solution, a liquid culture of £. coli HB101 (pNHK)
and a liquid culture of E. co/i HB101 (pNIG), which were
respectively obtained by culture as in Reference Example 1
and Reference Example 3, were added (final substrate con-
centration: 6% by weight), and reacted at 45° C. The
reaction mixture was stirred for 21 hours, and then the
substrate and the product in the reaction mixture were
analyzed by high performance liquid chromatography for
the conversion (mol %) and the optical purity (% e.e.). The
conversion was 86.0 mol %, and the optical purity of
L-phenylalanine was 100% e.e. The concentration of L-phe-
nylalanine accumulated, which was calculated from the
conversion, was 3.2% by weight. Also, the dissolved con-
centration of L-phenylalanine was determined by quantita-
tive analysis using high performance liquid chromatography.
The dissolved concentration was 4% by weight.

Conversion (mol %)=amount of product/(amount of
residual substrate+amount of product)x100

Optical purity (% e.e)=(A-B)/(A+B)x100 (A is the
amount of the target enantiomer, and B is the amount of the
opposite enantiomer)
<High Performance Liquid Chromatography Analysis Con-
dition>
[Analysis of Conversion]

Column: COSMOSIL 5C18-AR-IT (4.6 mm¢x250 mm,
produced by Nacalai Tesque, Inc.)

Eluent: 20 mM phosphoric acid aqueous solution (pH
2.5)/acetonitrile=8/2

Flow rate: 1.0 ml/min.

Column temperature: 30° C.

Measuring wavelength: 210 nm
[Analysis of Optical Purity]

Column: CROWNPAC CR(-)(4.6 mm¢x150 mm, pro-
duced by Daicel Chemical Industries, [.td.)

Eluent: perchloric acid aqueous solution (pH 2.5)

Flow rate: 1.0 ml/min.

Column temperature: 35° C.

Measuring wavelength: 254 nm

Example 6

Preparation of Transformant Transformed by Vector
Containing [.-Succinylase Gene and N-Acylamino
Acid Racemase Gene

PCR was carried out with use of DNA polymerase Prime-
STAR (produced by Takara Shuzo Co., Ltd.) to prepare a
gene in which a Sadl recognition site and a BamHI recog-
nition site are added to an L-succinylase gene (SEQ ID No.
1) derived from Geobacillus kaustophilus NBRC 102445
and having the 615th base C substituted by G. This DNA
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fragment prepared by PCR was inserted into the plasmid
pNIG prepared in Reference Example 3 at between the Sadl
recognition site and the BamHI recognition site, whereby a
recombinant vector pNIGHK was constructed. With use of
the recombinant vector pNIGHK, E. coli HB101 Competent
Cells (produced by Takara Bio Inc.) were transformed to
provide E. coli HB101 (pNIGHK). The obtained transfor-
mant was inoculated into 5 ml of a 2xYT medium (1.6%
tryptone, 1.0% yeast extract, 0.5% NaCl, pH 7.0) containing
200 pg/ml of ampicillin and shake-cultured at 37° C. for 24
hours. Cells were collected from the culture by centrifuga-
tion and then suspended in 5 ml of a 100 mM phosphate
buffer (pH 7.0). The cells in the suspension were disrupted
using a model UH-50 ultrasonic homogenizer (produced by
SMT Co., Ltd.) and cell debris was then removed by
centrifugation to provide a cell-free extract. The cell-free
extract was assayed for the succinylase activity and the
N-acylamino acid racemase activity, and the assayed succi-
nylase activity was 4 U and the N-acylamino acid racemase
activity was 1U.

Example 7

Production of L-6-Heptenylglycine with Use of
Transformant Transformed by Vector Containing
L-Succinylase Gene and N-Acylamino Acid
Racemase Gene

A substrate solution (pH 8) of N-succinyl-DL-6-hepte-
nylglycine was prepared by the same procedure as that in
Example 5, and a cobalt chloride aqueous solution was
added thereto to give a final concentration of 1 mM. To the
resulting solution, a liquid culture of E. col/i HB101
(pNIGHK), which was obtained by culture as in Example 6,
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was added (final substrate concentration: 9% by weight),
and reacted at 45° C. As a result, 6-heptenylglycine was
precipitated in the reaction mixture. The reaction mixture
was stirred for 24 hours, and then the substrate and the
product in the reaction mixture were analyzed by high
performance liquid chromatography for the conversion (mol
%). The conversion was 99.6 mol %. Then, the product was
derivatized with di-tert-butyl dicarbonate to form N-tert-
butoxycarbonyl-6-heptenylglycine, and the derivative was
analyzed by high performance liquid chromatography for
the optical purity (% e.e.). The optical purity was 100% e.e.
The concentration of L-6-heptenylglycine accumulated,
which was calculated from the conversion, was 5.7% by
weight. Also, the dissolved concentration of L-6-heptenyl-
glycine was determined by quantitative analysis using high
performance liquid chromatography. The dissolved concen-
tration was 0.5% by weight or lower.
<High Performance Liquid Chromatography Analysis Con-
dition>
[Analysis of Conversion]

Column: YMC-A303 (4.6 mm¢x250 mm, produced by
YMC Co., Ltd.)

Eluent: 20 mM phosphoric acid aqueous solution (pH
2.5)/acetonitrile=1/1

Flow rate: 1.0 ml/min.

Column temperature: 35° C.

Measuring wavelength: 210 nm
[Analysis of Optical Purity]

Column: CHIRALPAK AD-RH (4.6 mm¢x150 mm, pro-
duced by Daicel Chemical Industries, [.td.)

Eluent: 0.02% phosphoric acid aqueous solution (pH
2.5)/acetonitrile=65/35

Flow rate: 0.7 ml/min.

Column temperature: 35° C.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 1170

TYPE: DNA

ORGANISM: Geobacillus kaustophilus

<400> SEQUENCE: 1

atgaaagaaa ttgttcagca gatgaaggcg gagctatggg

cgecatecag aaatcagttyg ggaagagtgg caaacgaccg

gagcgcegaag ggtatcegggt geggacgttt gecgattgte

ggcgeeggee cgtttacggt cggggtgege agegatatgg

aacggegttt ggcagecgaa ccatgegtge gggcatgacg

ggggtggcega aactgcetteg cegeategge tatgagecge

tteccageegy ccgaggagaa aggaacaggdg gcegttaaage

gacggcegtgt cgtttttata cggcattcat ctgeggecga

tatgeggege cggegatcat ccatggggeg gegcaatgca

gtggcggcac atgccgegeg gecgecattta ggegtcaacyg

attgtccaag agcteggcaa aattcatate gacccacaag

acgaagtttc acgeccggtga aaaagatgeg aacacgatcce

cttgatttge gggegcaaac gaacgaggeg atggagegge

agattttcga

aatttctteg

cgggegtggt

acgceetttyg

cccatatgac

cggggacgct

tgatcgaaaa

ttcaagaagt

tcgaagggcg

tcattgaagt

tgccagegte

cggactacge

tcgtcgaggg

tcaccttcat 60

gcgggagttyg 120
ggcagaaatc 180
gcaagaagtyg 240
gatcgtgete 300

gcggttttty 360

aggggcggtt 420

gaaaggcgga 480
gattcgcgge 540
cggcagcgcece 600
gatcaaaatg 660
ggagtttgcce 720

gttgcgccat 780
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-continued
gtgatcaacyg gggtcgctge gatttacgga getgatattg agettgttga geggacgege 840
atcgtegetyg ctgatectga tccagatget gtgeggetga tggaggagge gattatcacg 900
actttgggga cggaaaaatg cgttcecgecg gtegtgacgt cgggaggaga ggatttccat 960
ttttattcct ttaagaaacc ggagctgaaa acaacgatgc tcggattggg ctgcgacttg 1020
cgtcegggge tecatcacce gaacatgacg ttceggegeg atgatttget ttetggegtg 1080
gaaattttgg cgcgggttgt gatgaacaca tttgcgacgt ttgcgccgca gggggagaac 1140
gagcgtgect ctgtcecgectge aaatcattga 1170
<210> SEQ ID NO 2
<211> LENGTH: 1128
<212> TYPE: DNA
<213> ORGANISM: Geobacillus kaustophilus
<400> SEQUENCE: 2
atggcgatca acatcgagta cgtcatattg cgecatttge aaatggagtt gaaggcgccg 60
tttacaacga gctttggcac gtttcaaacg aaagagttta ttttagtgga agtcgtggat 120
tgcgacggeg tttecggetyg gggcgaatceg gtegegtttt cegteccatyg gtacagegag 180
gaaacggtga aaacgaactg gcatatgctt gaagagtttc tegtgccget cttgtttteg 240
aagccgcetta ggcatccage ggaattgeca gagegetttyg cegecatcceg ccaaaacaac 300
atggcgaaag cggcgcettga gggageggta tgggatttgt atgecaageg gettggegtt 360
cegetttgte aagetctegg gggaacgaaa aaggaaattyg aagtcggegt cagcatcgge 420
atccagccga cggtegacga tctgcttcag gtgattgage ggtatgtgge gcaagggtac 480
cggcggatca aagtgaagat caaaccggga tgggatgttg atgtcatteg cgacgtgcegg 540
cgegegttte ctgacgtgce getcatggeg gatgccaatt cggegtatac gctegetgac 600
gccaagegge ttcaggceget tgatgaattt gggctgatga tgatcgaaca gecgetcgece 660
gctgacgate ttgtcgatca cgceceggetg cagcecgette ttaagacgec gatttgectt 720
gatgaaagca ttcgttcata tgacgatgcg cgcaaggcege ttgaccttgg cagetgeege 780
atcatcaaca tcaaaatcgg gecgcgtegge gggetttggyg aggcgaageyg catccacgat 840
ctttgegetyg agcgaggegt tccggtetgg tgegggggga tgctggaage aggggtceggyg 900
cgegeccaca atattgcgat cacgacgttg gaaaactteg cgcettccegyg cgacaccgece 960
gcgtegtece attattggga gcgggatatt atcacgccgg aagtcgaggt gcacaacggce 1020
ttgatcegeg tgccgaacge cccgggcatce ggctatgacg tcgaccgceg ccaagttgag 1080
cggtatacgc agtttgccaa gttgttccat cgtacggcga cggcataa 1128
<210> SEQ ID NO 3
<211> LENGTH: 1110
<212> TYPE: DNA
<213> ORGANISM: Thermus thermophilus
<400> SEQUENCE: 3
atgcggatag aggcggccga getcaggatt ttggagette cectgaagtt ccgetttgag 60
acgagctteg gggtgcagac caagaggacce atcctcectece taaggctett cggggaggge 120
ctggagggee tgggggaagg ggtgatggag cgecttcececee tcetaccggga ggagacggtyg 180
gegggggeca ggtacctcect ggaagaggtce ttectgecce gggtcectggg gegggaccte 240
cccaaccceg aggcecctaag ggaggcecectt geccecttece ggggcaacce catggcecaag 300
geggtettygyg agatggcctt ctttgaccte tgggccaagg cectggggag gecgetttgg 360
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caggtectgyg geggggtgeg geaggeggtyg gaggtggggg tetecetggg gatccagecce 420
tcggtggagyg acacgettag ggttgtggag cggcaccteg aggagggeta ccgecgeate 480
aagctcaaga tcaagecggg ctgggactac gaggtcctga aggeggtgeg agaggectte 540
ccecgaggeca cectcaccge cgacgccaac agegectata gectcegecaa cctegeccag 600
ctcaagecgece tggacgaget ceggetggac tacatagage agccccetgge ctacgacgac 660
ctecectggace acgccaaget ccagegggag ctttecacce cecatctgect ggacgagage 720
ctcacggggyg cggagaaggce gaggaaggcece attgagettg gggegggecyg ggtcttcaac 780
gtcaagcceg ccegectegg cggecacggyg gagagectee gggtgcacge cctggeggag 840
agcgecggga tcccectetyg gatggggggg atgetggagg cgggggtyggyg gagggeccac 900
aacctccace tggcgaccct teceggette accaageceg gggacgtgag cteggegage 960
cgctactggyg aggaggacat cgtggaggag gcectegagg ccaaggacgg cctcatgecce 1020
gtgccggaag gcgtgggcat cggggtccac ctgaagcttce ccttegtgga gcgggtcacy 1080
ctatggcaga ggtacatgtc cgcgagctaa 1110
25

The invention claimed is:

1. A method for producing an [.-amino acid by hydrolyz-
ing a succinyl group of an N-succinyl amino acid in an
L-form selective manner with L-succinylase, while racem-
izing an enantiomeric mixture of the N-succinyl amino acid
with N-acylamino acid racemase,

the reaction being performed with precipitating the pro-

duced L-amino acid.

2. The method according to claim 1,

wherein the L-amino acid has a dissolved concentration of

1% by weight or lower.

30
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3. The method according to claim 1,
wherein the N-succinyl amino acid is represented by
formula (I):
@
R CO,H
Y 40
chOZH
(6]
45
wherein R represents an optionally substituted C1 to C20
alkyl group, an optionally substituted C2 to C20 alk-
enyl group, an optionally substituted C2 to C20 alkynyl
group, an optionally substituted C4 to C20 aryl group,
or an optionally substituted C5 to C20 aralkyl group; 0
and
the L-amino acid is represented by formula (II):
an
R CO,H
55
NH,

wherein R is the same as defined above.

4. The method according to claim 3,

wherein R in formula (I) and formula (II) is a 4-bro-
mobenzyl group, a 3-fluorobenzyl group, a naothylm-
ethyl group, an indanyl group, or a 6-heptenyl group.

5. The method according to any one of the claims 1 to 4,

wherein the enantiomeric mixture of the N-succinyl
amino acid is racemized by a N-acylamino acid race-
mase obtained from a microorganism of the genus
Geobacillus or Thermus, and the succinyl group of the
N-succinyl amino acid is hydrolyzed by a L-succi-
nylase obtained from a microorganism of the genus
Geobacillus.

6. The method according to claim 5,

wherein the N-acylamino acid racemase is obtained from
Geobacillus kaustophilus or Thermus thermophilus,
and the L-succinylase is obtained from Geobacillus
kaustophilus.

7. The method according to claim 6,

wherein the N-acylamino acid racemase is obtained from
Geobacillus kaustophilus NBRC 102445 or Thermus
thermophiles HBS8, and the L-succinylase is obtained
from Geobacillus kaustophilus NBRC 102445.

8. The method according to any one of claims 1 to 4,

wherein a transformant transformed by a vector that
contains DNA encoding a N-acylamino acid racemase
and DNA encoding a L-succinylase is used for hydro-
lyzing the succinyl group of the N-succinyl amino acid
and racemizing the enantiomeric mixture of the N-suc-
cinyl amino acid.
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